Cells of Dunaliella tertiolecta from the log phase of growth were broken by rapid extrusion at low pressure through a Yeda press and the chloroplasts were isolated by centrifugation through a Percoll gradient. Osmolarity of the growth media, the suspending media, and the Percoll gradient was kept identical to minimize change in chloroplast volume and mitochondrial entrapment. The isolated intact chloroplasts were obtained in a 30 to 50% yield based on chlorophyll and were stable to washing with buffered medium. Isolated chloroplast yield and purity was dependent on cell culture condition; a cycle of 16 hours light and 8 hours dark with continuous high CO2 was optimum. Isolated chloroplasts were about 90% intact by microscopic examination, ferricyanide-dependent 02 evolution, and the distribution of four stromal enzymes. Enzymes associated with glycolate metabolism were not in the chloroplast fraction. The isolated chloroplasts with 10 millimolar bicarbonate evolved 24 micromoles of 02 and fixed 21 micromoles of CO2 per hour per milligram of chlorophyll, which rates were about one-third of those by whole cells. The inhibition of oxygen evolution by 10 millimolar phosphate was reversed by P-glycerate. Whole chloroplasts were also isolated from cells adapted to low CO2 in air for 24 hours. On low CO2 the cells excreted more gelatinous material, which had to be removed with additional washing of the cells, before it was possible to obtain good chloroplast preparations.
The inability to isolate and purify physiologically intact chloroplasts from unicellular green algae has been a limitation for studies of algal photosynthesis and metabolism. Techniques for isolating active chloroplasts from leaves of higher plants (18, 25) , when used with unicellular algae, have provided chloroplasts in very low yields and uncertain purity. Autolysin digestion and mild detergent treatment has been used to disrupt the cell wall of Chlamydomonas reinhardtii (1, 12) and Euglena (21) , and chloroplasts have been prepared from cell wall-less mutants of Chlamydomonas (14, 16) . The chloroplasts with some mitochondria were prepared in low yields of 1 to 2% by breaking the algal cells in a Yeda press and separating by centrifugation in an elutriation rotor (16, 22) . Our report is about a 1 h procedure for the isolation and purification of chloroplasts in high 30 to 50% yield from Dunaliella by using a Yeda press and Percoll density gradient centrifugation. Dunaliella has advantages over Chlamydomonas and Euglena, because Dunaliella cells lack a cell wall and are easily broken in a French pressure cell. In addition, the osmolarity of the chloroplast isolation media and ' the Dunaliella growth medium can be similar, whereas Chlamydomonas will not grow at high salt concentrations (10 Chloroplast Isolation. The cell envelope of Dunaliella was easily broken when cells were rapidly extruded from the Yeda press with low pressure (150-200 p.s.i.). From microscopic examination, only a few cells remained unbroken and motile. A few were partially damaged, but most (about 90%) had lost their plasma membrane. For nearly complete cell breakage, it is important to release the cells from the Yeda pressure chamber quickly; slow release of the cell suspension from the press at low p.s.i. resulted in insufficient breakage. Higher pressure could not be used due to chloroplast rupture.
During Percoll gradient centrifugation, intact chloroplasts equilibrated at a density of 1.139 to 1.280 g mL-' in fractions 3 to 6 out of a total of 39 fractions collected from the developed gradient (Fig. 1) (Fig. 2) . Based on ferricyanide-dependent oxygen evolution by chloroplasts before and after osmotic lysis (13) , the intactness of the chloroplasts was 80 to 90%. The chloroplast preparations exhibited bicarbonate dependent oxygen evolution (Fig. 3) (21) . As with higher plant chloroplasts (5, 8) and chloroplasts from Chlamydomonas (1), photosynthetic oxygen evolution was inhibited by 10 mM phosphate, but this inhibition was reversed by 2.5 mM P-glycerate (Fig. 3) .
Enzymes in Intact Chloroplasts. The isolated washed chloroplasts retained 80 to 100% of their stromal enzyme activity (Table I) . Besides glyceraldehyde-3-P dehydrogenase and ribulose-P2 carboxylase/oxygenase, Dunaliella chloroplasts contained NADH:dihydroxyacetone phosphate reductase (4, 7) . The presence of NADPH:glyoxylate reductase in chloroplasts from Dunaliella is consistent with its presence in other isolated chloroplasts (24) . A low level of NADP:glutamate dehydrogenase activity appeared to be in the Dunaliella chloroplasts, but a higher level of NAD:glutamate dehydrogenase was outside of the chloroplasts.
The extent of contamination of the isolated intact washed chloroplast preparation with other organelles or enzymes was examined by determination of the marker enzymes, Cyt c oxidase and fumarase of the mitochondria and PEP-carboxylase of the cytoplasm (Table I ). The specific activities were based on the Chl content of the homogenate or isolated chloroplast. About 8% of the Cyt c oxidase and PEP-carboxylase were associated with the chloroplasts fraction. These contaminations were due in part to the presence of some whole cells and could be reduced to less than 5% by only using fraction 4 and 5 from the Percoll gradient. These data are from the intact chloroplast fraction from cells grown without CO2 during the 8 h dark period, but purer chloroplast preparations are obtainable from cells kept continuously on high CO2. The enzymes associated with glycolate metabolism (Table I) were also not present in the chloroplasts. These enzymes, except catalase, would be expected in the mitochondna of unicellular algae (24) . The total activity of catalase was very low relative to plant or algal tissue containing peroxisomes (24) . Glycolate dehydrogenase was extremely low in activity as was the activity of other enzymes associated with the C2 cycle.
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